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Fitness and the Twins
Elliott Sober∗
Michael Scriven’s (1959) example of identical twins (who are said to be equal in fitness but
unequal in their reproductive success) has been used by many philosophers of biology to
discuss how fitness should be defined, how selection should be distinguished from drift,
and how the environment in which a selection process occurs should be conceptualized.
Here it is argued that evolutionary theory has no commitment, one way or the other, as
to whether the twins are equally fit. This is because the theory of natural selection is fun-
damentally about the fitnesses of traits, not the fitnesses of token individuals. A plausible
philosophical thesis about supervenience entails that the twins are equally fit if they live in
identical environments, but evolutionary biology is not committed to the thesis that the
twins live in identical environments. Evolutionary theory is right to focus on traits, rather
than on token individuals, because the fitnesses of token organisms (as opposed to their ac-
tual survivorship and degree of reproductive success) are almost always unknowable. This
point has ramifications for the question of how Darwin’s theory of evolution and R. A.
Fisher’s are conceptually different.
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1 Introduction
Michael Scriven’s (1959) example of the identical twins who do unequally well in the project
of surviving and reproducing has long occupied a central place in the philosophy of biology
literature on fitness and natural selection.1 In Scriven’s story (and in the variants of it that
other philosophers have used), you are asked to imagine that the twins have identical genotypes
1See, for example, Abrams (2009a, 2009b), Beatty (1980, 1984), Beatty and Finsen (1989), Brandon (1978,
1990, 2005), Drouet and Merlin (2015), Ettinger et al. (1990), Hodge (1987), Hull (1974), Kimbrough (1980),
Matthen and Ariew (2002), Michod (2000), Mills and Beatty (1979), Millstein (2002, 2016, 2017), Pfeifer (2005),
Ramsey (2006), Rosenberg (1985), Shanahan (1992), Sober (1984, 2000), Sterelny and Kitcher (1988), Stephens
(2004, 2014), and Triviño and Nuño de la Rosa (2016).
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and phenotypes,2 and live in the same environment. One of them is childless and is killed by
lightning (in Scriven’s telling, the death is due to a bomb exploding or a tree falling), while the
other isn’t hit by the lightning and goes on to have some offspring. The philosophical lesson
drawn from this example can be encapsulated in a simple argument:
(F) The twins are equal in fitness.
The twins are unequal in their degrees of reproductive success.
Hence, fitness is not the same property as actual reproductive success.
A further conclusion is then drawn: fitness is the ability an organism has to survive and repro-
duce. The twins were equally able, but unequally lucky. When the ability they share is char-
acterized probabilistically, it is called a “propensity.” The propensity interpretation of fitness is
now a standard part of how many philosophers of biology think about evolutionary theory,3 but
see Sober (2013) and Drouet and Merlin (2015) for dissenting verdicts.
The example of the twins has also been used to address the question of how natural selec-
tion and drift are related. One influential picture is that drift is “indiscriminate sampling” and
selection is “discriminate sampling;” that is, drift occurs when fitnesses are equal and selection
occurs when they are not (Beatty 1984; Hodge 1987; Millstein 2002).4 Lightning in Scriven’s
example is said to induce indiscriminate sampling, not selection.5
In this paper, I’ll argue that the first premise of the F argument, which says that the twins
are equally fit, is not something that evolutionary theory obliges us to accept. I do agree, though,
that the argument’s conclusion is correct, so a better argument for it is needed. I try to supply
that better argument in what follows.
Before I get started, I want to comment on my choice of terminology. I’ll talk about the
fitnesses of token individuals and the fitnesses of traits. I won’t use the phrase “individual fitness,”
since that wording encourages the very ambiguity I want to avoid. The term sometimes is used
to refer to the fitness of a trait (like running fast) that attaches to individuals, but it sometimes
is used to refer to the fitnesses of unique individuals (like Joe). The philosophical terminology
of “token” and “type” is handy here; it avoids this ambiguity, which also is pervasive in ordinary
language. If someone says that you and I own “the same computer,” this might mean that there
are two token computers of the same type, and we each own one of them, or it might mean
that there is a single token computer, and we each are co-owners of it. Traits are types; they are
instantiated in some number (0, 1, 2, …) of token individuals.
2Monozygotic twins often fail to be genetically identical; after a fertilized egg divides, mutations sometimes
arise in one twin but not the other (Casselman 2008), and monozygotic twins almost always develop different
phenotypes. So the story about the “identical” twins is extremely hypothetical (not that there’s anything wrong
with that).
3It’s a further step to say that the propensity in question can be defined in terms of a mathematical expectation—
the expected number of offspring the individual will have. This proposal faces two problems. First, fitness isn’t
always defined in terms of next-generation expectations (Beatty and Finsen 1989); for example, the expected num-
ber of grandoffspring matters in sex-ratio theory (Sober 2011). Second, variance in offspring number is known to
matter to fitness; the mathematical expectation is not sufficient (Gillespie 1977; Frank and Slatkin 1990; Brandon
1990; Sober 2001). Pence and Ramsey (2013) address both of these topics.
4This formulation does not describe how population size is related to drift processes, and it precludes the
possibility that a single trait can undergo selection and drift at the same time and place. See Stephens (2004,
2007), Riesman and Forber (2005), and Barrett et al. (2012) for discussion. Pfeifer (2005) argues that selection
and drift might be causally distinct if the probabilities used to define fitness abstract away from some features of
the environment.
5Shanahan (1992) is one of the few dissenters from this conclusion.
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2 A SupervenienceThesis
Theclaim that identical twins living in identical environmentsmust have the same fitness follows
from an appealing thesis:
(S) The fitness of token individual i in environment E at time t supervenes on i’s other
properties at time t, including the property of living in environment E.6
By hypothesis, the twins in Scriven’s example have the same genotypes and phenotypes, so S
entails that they must have the same fitness value if they live in identical environments.7 If
their environments are merely similar, S has no such implication.
Scriven notes that the twins have different spatial locations at the time of the lightning
strike, but asserts that this doesn’t count. He does not explain why. If one twin was at the
top of a mountain while the other was at its foot when the lightning did its work, why doesn’t
that suffice to say that they differed in fitness? Otherwise similar organisms can differ in their
ability to survive and reproduce because they live in different habitats. This suggests that you
should stipulate, for the sake of a clean example, that the twins were both at the top (or both
at the bottom) at that fateful moment. But even if they were standing side-by-side, that’s still
a difference (though a small one), so the question resurfaces.8, 9 The supervenience thesis fails
to deliver the desired result, even if the twins were shoulder to shoulder. Maybe that small
difference in location gave them different probabilities of being hit by lightning.
My question here is not about the truth of S but whether it entails that the twins have the
same fitness. I agree that S is a sensible philosophical principle.10 Since fitness is a probabilistic
property, S can be motivated by thinking about such properties more generally. If two coins dif-
fer in their bias (their probabilities of landing heads when tossed), this must be because the coins
are physically different, or the circumstances of their tossing are different, but do all probabilis-
tic properties supervene on other properties? Maybe not; perhaps some probabilistic properties
(of elementary physical particles, for instance) are brute. In any event, the thesis that biologi-
cal fitness supervenes on other properties leaves it open that some of those other properties are
themselves probabilistic. This opening is not a mere speculation; evolutionary game theory con-
siders mixed strategies, meaning rules for behavior that are probabilistic (Maynard Smith 1982),
and the mixed strategies that an organism follows can clearly be part of the supervenience base
of its fitness.
6Note that the organism’s traits at time t don’t cause its fitness at time t, if cause must precede effect. Note
also that this supervenience thesis permits token organisms to change their fitnesses as their environments change.
This is contrary to Ramsey’s (2006) claims about “block fitness.”
7What matters here is whether the twins live in type-identical environments; the environments need not be
token-identical.
8Brandon (1990) argues that if two organisms experience the same selection process, they must inhabit the same
environment. He is talking about types, not tokens, here. Abrams (2009a, 2009b) argues that the relevant envi-
ronment for considering natural selection is the one occupied by the whole population, not the sub-environments
occupied by only some of the organisms in that population. Two points are in order here. First, Brandon’s claim
doesn’t settle whether the twins differ in fitness. Second, Abrams’s point seems to conflict with the fact that se-
lection in a heterogeneous environment is an important topic in evolutionary biology (Sterelny and Kitcher 1988),
which opens the door to treating the twins as occupying different sub-environments.
9Another possible objection to treating the twins as experiencing a selection process is that their presence in
different sub-environments isn’t heritable. My reply is that heritability is necessary for evolution by natural selection,
but not for selection itself. This is clear from the breeder’s equation, which separates the strength of selection from
the heritability of a trait; these together determine the response to selection.
10I take no stand on whether the supervenience thesis S is part of evolutionary theory.
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3 Why Twin-Equality-in-Fitness Isn’t a Commitment of Evolutionary
Theory
In their landmark paper, Mills and Beatty (1979) first define the fitness of a token individual,
and then use that concept to define the fitness of a trait. Their formulation is this:
(C) The fitness of trait T in population p at time t = the average fitness of the token indi-
viduals in population p at time t that have trait T .
Notice that propositionC coordinates trait fitness with the fitnesses of token organisms, whereas
the supervenience thesis S doesn’t mention trait fitnesses at all.
Coordinating principle C does not entail that the twins have the same fitness, even if they
have the same genotypes and phenotypes and live in identical environments. It merely says that
the conjunction of all the genetic and phenotypic11 traits they have (that is, the total trait complex
that they uniquely share) has a fitness equal to the average of the two individuals’ fitnesses.
There is something else that proposition C does not say. It doesn’t say that the concept
of token-individual fitness is primary and the concept of trait fitness is derivative. Mills and
Beatty don’t endorse this asymmetry thesis, but others have done so.12 I think C is true, but the
asymmetry thesis that might be associated with it is wrong. The fitnesses of traits play a central
role in evolutionary biology; the fitnesses of token organisms do no such thing.
This is fortunate, because the fitnesses of token individuals (as opposed to their actual lon-
gevity and their actual degrees of reproductive success) are almost always unknowable in practice.
A token individual tastes of life but once. In that one-shot deal, it either survives to reproductive
age or it does not; if it survives to reproductive age, it has some number of offspring. From this
paltry data set, it would almost always be absurd to estimate the fitness of that token organism.
This would be like tossing a coin just once and trying to estimate from the outcome of that one
toss what its probability of heads is (Sober 2013).13
The reason I say that it is “almost always” impossible to assign a fitness to a token organism
is that I want to allow for the possibility that an organism might be known from the outset
to have a trait (genetic or phenotypic) that will kill the organism before it reaches reproduc-
tive age. Here there is a very good reason to say that the individual’s fitness is zero. But the
organisms that evolutionary biologists want to talk about are rarely like that. I also said that
fitness estimates for token organisms usually aren’t possible in practice. This leaves it open that
if one were to clone a token organism a large number of times, and rear the clones in identical
environments,14 one could derive from that large data set a reasonable estimate of the token
organism’s fitness (Brandon 1990). This shows that the fitness of a token organism is knowable
in principle. However, evolutionary biology requires more than that. It needs for available data
to provide good estimates of fitness values. It is in that sense that the fitness of token organisms
are usually empirically inaccessible.15
11Here I include the organism’s environment as part of its phenotype.
12For examples, see Brandon (1978, 188), Ramsey (2006), and Pence and Ramsey (2013).
13This is not to deny that tossing a coin just once yields a maximum likelihood estimate of its probability of
landing heads. The estimated probability will have a value of 1 or 0, depending on whether the coin lands heads
or tails. You would be ill-advised to use the resulting estimate to predict the next toss or tosses of the same coin.
14An organism’s environment includes all the other organisms (both conspecific and not) with which it interacts,
so the experiment described here would require cloning those other organisms too.
15Ettinger et al. (1990, 504) say something similar. They argue that “it is only abstract entities such as types,
genotypes and alleles that can be fit,” and that “the fitness of an individual (should there be such a thing) cannot
actually be measured or determined in any way on the basis of the individual’s own actual reproductive fate; it can
only be determined by taking the average success of a sample of individuals of the same type.”
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Although token individuals furnish data sets of size 1, traits almost always do much better.
The traits that evolutionary biologists want to discuss usually are exemplified by large numbers
of organisms. Each of those token organisms has just one lifetime, but averaging over those
numerous lifetimes can provide a meaningful estimate of the fitness of the trait those organisms
share. The analogy with coins is this: A single toss of a coin fails to furnish a good estimate of
the coin’s bias, but the average bias of 1,000 coins can be meaningfully estimated by tossing each
coin just once. The coins may differ from each other in their biases, but that does not matter.16
With respect to the propensities of token objects, it oftenmakes sense to discern two avenues
of discovery (Sober 1984). To estimate a coin’s propensity to land heads, repeated tossing is
one obvious avenue, but another is to examine the coin’s physical properties. If the coin is
symmetrical, it seems reasonable to conclude that the coin is fair, even if you have never tossed
it. However, looking at the physical make-up of the coin is not enough; you also need to examine
the tossing procedure, and maybe the physical features of the tossing apparatus (a machine or
a person) can be examined without your ever having to put the tossing device to work.17 Even
if this “design analysis” works for the coin, the fitness of a token organism is almost always far
more opaque.18
The idea that an organism’s fitness is just as empirically accessible as a lump of sugar’s solu-
bility has influenced many philosophers (including, at one time, me). Ayhan Sol (pers. comm.)
has suggested how this seeming similarity can be mapped onto the example of the twins. Imag-
ine two cubes of sugar. Both are water-soluble, but only one is dropped into water. The two
cubes have the same propensity to dissolve, though only one of them does so. If that is the right
thing to say about the sugar cubes, are we therefore obliged to say that the two twins, being
physically identical, must therefore have the same propensity to survive and reproduce? I think
the answer is no. Whether an object is water-soluble does not depend on whether it is actually
dropped into water, but a token organism’s fitness depends on what its actual environment is,
and, as already explained, there is no uniquely correct answer to the question of whether the
twins live in “the same” environment.
16Mike Steel (pers. comm.) has suggested a frequentist analysis of this comparison. Suppose you have coins
1, 2, . . . , n with pi being the probability that coin i lands heads. Let p be the average of these pi values, and letX
be the (random variable) proportion of heads when these n coins are each tossed once. Then the expected value of
X is exactly equal to p, and the standard deviation of X , SD(X), is
SD(X) = (1/
√
n)
√
p−
∑
i
(pi)2/n.
Regardless of the pi values, it follows that SD(X) ≤ 1/(2
√
n), so for n large, the central limit theorem implies
that the distribution ofX around p will be normally distributed with a standard deviation that is small (in the case
of n = 1000, at most 0.016), regardless of the actual probability values pi. So X tells you a lot about the value of
p. On the other hand, for n = 1, a single toss doesn’t tell you much, since all you know about SD(X) in that case
is that it is at most 1/2 (which it would be if p1 = 1/2). As long as the single coin in the n = 1 experiment doesn’t
have a probability of heads of 1 or 0, SD(X) in the 1000 coin case is less than SD(X) in the single coin case.
A Bayesian analysis of the two coin-toss experiments is also possible. Start in both cases with a flat prior
probability density distribution, then compute posterior density distributions for the 2 possible outcomes of the
first experiment and the 1001 possible outcomes of the second. Then compute the distance between the prior
density distribution and each possible posterior density distribution in each experiment. Finally, compare the
average distance in the first experiment with the average distance in the second. The average distance in the first is
a lot less than the average distance in the second.
17For discussions of the physics of coin tossing that attend to how the coin is tossed, see Keller (1986), Diaconis
(1998), Diaconis et al. (2007), and Mahadevan and Yong (2011).
18Ettinger et al. (1990, 506) say that “whether or not a book binding is strong can in principle be ascertained
by examining its material interactions with other bodies; the fitness of an individual organism cannot in principle
be so determined.”
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Although I say that the fitnesses of traits and the fitnesses of token organisms are often epis-
temologically different, coordinating principle C describes a way in which they are connected.
The fitness of a trait and the average fitness of the token individuals that have that trait are joined
at the hip. When a trait attaches to numerous token individuals, the fitness of the trait and the
average fitness of the tokens are both knowable. However, when the trait attaches to just one
token individual, the fitness of the trait and the fitness of the one individual that has that trait
are usually both unknowable. I’ve mentioned lethal traits as the reason I hedge my claim with
the word “usually,” but there is another reason.
The fitness of a target trait that happens to be possessed by just one organism can sometimes
be estimated by estimating the fitnesses of other traits that are “related” to the target. For exam-
ple, suppose you want to estimate the viabilities of birds that differ in the number of feathers
they have. In your lab, you start with a large number of songbirds in the same species that have
the same age and note which of eleven trait “bins” they are in: 2000–2099 feathers, 2100–2199,
2200–2299, …, and 3000–3099 feathers. As you count a bird’s feathers, you give it a tag that
assigns the bird an identifying number and a second number that indicates how many feathers
it had on the day you did your counting. Suppose you have numerous birds in each of these
trait bins, except for the bin in the middle (2500–2599 feathers), which happens to contain just
one bird. You then examine this bird population a year later to see which birds have died and
which have survived. From this data, you can construct good estimates of the average viability
(a component of fitness) of the birds in ten of the eleven bins. You graph these ten estimates
(with x representing intervals of feather numbers and y representing estimated viability) and
notice that they closely fit a straight line. This makes it reasonable to “interpolate”—to use that
straight line to construct an estimate of the fitness of the middle trait bin in which there is just
one bird.19 What your interpolation provides is a reasonable estimate of the average fitness of a
bird whose feather number falls in the middle bin. I hasten to add that this indirect procedure
for estimating the fitness of a trait that only one organism possesses fails to generalize to the
case of estimating the fitnesses of total trait complexes.
It might be suggested that the problem of assigning fitnesses to token organisms can be
solved by constructing biologically plausible optimality models. My reply is that optimality
models are about traits, not about token organisms. An influential example makes this clear.
Hamilton (1967) developed an optimality model for sex ratio. What mix of sons and daughters
should a parent produce, if the “goal” is to maximize her number of grandoffspring? Given facts
about population structure and life history as inputs, Hamilton’s analysis identifies an optimal
sex-ratio strategy; this means that parents using the optimal strategy will, on average, be fitter
than those using any other strategy in a set of alternatives. There is no commitment to the
false assumption that all parents who use the same sex-ratio strategy have identical fitnesses.
Still less does the model assign a numerical fitness value to a token organism. How could the
model possibly do that, since an organism has many other traits that affect its fitness besides
the sex-ratio strategy it happens to deploy?20
My thesis that the fitnesses of traits are usually empirically accessible while the fitnesses of
token organisms rarely are may seem to fall afoul of a standard inferential procedure. Suppose
19In this example, although there is just one bird in your data set whose feather number falls in the middle bin,
there may be other birds, not in your sample, that do the same. However, that possibility is extraneous to the point
being made here. Even if there is only one bird in the whole species that falls in the middle trait bin, the fitness of
that trait can be estimated via the indirect procedure described above.
20When a parasitic wasp has several broods in its lifetime, observing the mix of sons and daughters it produces
in each brood allows you to determine how well its behavior fits an optimality model concerning sex-ratio strategy
(Orzack and Sober 1994). This is a different kettle of fish from estimating the fitness of the wasp, which has many
other traits.
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you look at a large number of light-color juvenile moths that live on dark trees and find that only
30% of them survive to reproductive age (Kettlewell 1955). A maximum likelihood estimate of
the average viability fitness of those individuals (aka the fitness of the light-coloration trait at
that time and place) is 0.3. Now suppose I single out one of those moths and ask you what its
fitness is. All you know about this moth is that it belongs to a set of organisms whose average
viability is estimated to be 0.3. Given this information, you may think you’re obliged to infer
that that organism’s fitness is also 0.3. However, if you’re obliged to do that, you also are obliged
to infer that each of the other organisms in the set has that same fitness value. This seeming
obligation has landed you in the pickle of proclaiming that these organisms have exactly the
same fitness value. However, this proclamation is thoroughly unrealistic, in that you know that
the organisms almost certainly differ in numerous ways that affect their fitnesses.21
The claim that individuals that share a trait always have the same fitness leads to a more
embarrassing conclusion; it entails that all the individuals in the whole population (not just
those sharing a single trait) have the same fitness in plenty of situations where that isn’t true.
For example, consider a population of individuals, each of which has trait A1 or trait A2, and
each has trait B1 or trait B2. Suppose there are organisms in each of four subgroups (w, x, y,
z) in the population such that
Individuals in w have A1 and B1.
Individuals in x have A1 and B2.
Individuals in y have A2 and B1.
Individuals in z have A2 and B2.
According to the principle that individuals with the same trait must have the same fitness, in-
dividuals within each of these four groups are identically fit, but there is more. The principle
additionally entails the individuals in w and x are equally fit (because all have A1), individuals
in w and y are equally fit (because all haveB1), individuals in x and z are equally fit (because all
have B2), and individuals in y and z are equally fit (because all have A2), from which it follows
that all the individuals in the population are equally fit. Surely no sound principle should lead
to the conclusion that it is a priori impossible for natural selection to act on trait A or on trait B
in this population. The idea that individuals that have the same trait must have the same fitness
would not lead to this trouble if it were restricted to total trait complexes, but it then would not
apply to claims about “singleton” traits evolving by natural selection; such claims are entirely
routine in evolutionary biology.22
When I say that the fitnesses of traits are fundamental while the fitnesses of token organ-
isms are not, I don’t mean that the former are primitive and the latter are derived. Neither of
these claims is true. First, the fitness of a trait can be defined, and evolutionary biologists and
21This point applies to the other empirical studies of selection in the wild discussed in Endler (1986); for a
different take on those studies, see Brandon and Ramsey (2007).
22This point bears on Brandon’s (1990) discussion of environmental homogeneity. He says that “when an envi-
ronment is homogenous with respect to selection, within that environment different copies of the same ‘type’ will
do equally well with respect to selection—that is, they will have the same relative expected reproductive success”
(52). I take this comment to express a stipulative definition of what it means for an environment to be “homogenous
with respect to selection,” so there can be no argument about its correctness. However, Brandon uses this concept
to formulate the following proposition: “Some biological entities differ in their adaptedness to their common selec-
tive homogeneous environments, this difference having its basis in differences in some traits of the entities” (149).
Brandon uses “adaptedness” to refer to what I’ve been calling “fitness.” He says that this proposition is one of two
that “form the empirical biological core of the theory of natural selection” (149). It’s this last quoted statement
that I think the above argument calls into question.
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philosophers of biology are able to do so.23 In addition, the fitness of a token organism cannot
be derived from information about the fitnesses of the traits that the individual possesses, in
spite of what proposition S asserts. The fitness of a total trait complex is just as empirically
inaccessible as the fitness of the token organism that has that total trait complex.24
4 Back to the Twins
Argument F needs replacing. Here’s an improved argument for the same conclusion:
(F′) Trait T undergoes a selection process in a population at a time precisely when trait T
belongs to a partition of traits, each of which is instantiated in the population, and
there is variation in fitness among the traits in that partition.
Drift can occur without selection, and a possible result is that individuals with trait
T , on average, have more offspring than individuals with an alternative trait in the
partition.
Therefore, the fitness of a trait is not the same property as the average number of off-
spring that individuals with that trait have.
Here I’m using the term “partition” to denote a set of traits, each of which is exemplified in
the population at the time in question, and each individual has just one trait in that set.25 The
first premise is an agreed-on definition of natural selection. The second premise describes an
agreed-on conceptual possibility. Identical twins and lightning strikes aren’t needed to get the
desired conclusion.
This substitute for argument F capitalizes on the fact that there can be differential repro-
ductive success without selection, but the two concepts part ways in the other direction as well.
There can be selection (aka variation in fitness) without differential reproductive success. A
helpful analogy is provided by the case of two coins that differ in their probabilities of landing
heads, and yet produce the same number of heads in a run of tosses. Differential reproductive
success is defeasible evidence for the presence of natural selection, not the proper definition of
that concept, a point that proponents of the propensity interpretation of fitness were right to
23Williams (1971) took fitness to be a primitive concept in evolutionary theory, and Rosenberg (1985) concurred.
Denying this thesis does not commit one to holding that there is a single definable concept of fitness that works
in all the many contexts in which fitness is properly applied. The point is that in each such context, the concept
can be (and should be!) defined.
24After proposing a “new foundation for the propensity interpretation of fitness,” Pence and Ramsey (2013) take
up several objections to their proposal, one of which (objection #5) says that “the theory of evolution by natural
selection fundamentally concerns trait fitnesses, not individual fitnesses.” Here they discuss an earlier paper of
mine (Sober 2013), in which I make the same point I’ve made here—that the fitnesses of token organisms are
mostly unknowable—though the earlier paper does not discuss the twins. Their reply (872) is that “trait fitness is
straightforwardly parasitic on individual fitness” and that “individual fitness is in some sense foundational.” They
do not address my reason for denying the centrality of individual (aka token) fitnesses. Pence and Ramsey’s goal
in their paper is to define a concept of (very) long-term fitness that takes account of “all possible future causal
influences on organisms” (868); applying their proposed definition to a given individual requires that you know
the individual’s expected number of offspring, the expected number of offspring that each of those offspring has,
and so on. This is precisely the kind of information that I claim is largely unavailable. Pence and Ramsey describe
various definitions of fitness developed by biologists and claim that these are used to successfully estimate fitnesses
(864, 866); in fact, the biologists cited are estimating the fitnesses of traits, not token individuals.
25I talk about trait T and a partition to which it belongs, rather than two alternative traits T and T ∗, because
these two traits may be equal in fitness, even though there’s variation in fitness in the partition to which these two
traits belong.
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emphasize. Here is yet another example in science in which operationalism gets things exactly
wrong.
Besides avoiding the attribution of fitnesses to token organisms, the argument that replaces
argument F has the virtue of not having to say that the twin killed by lightning was unlucky
rather than unfit. The import of that remark is that the dead twin was more fit than her dismal
reproductive track record suggests. But why isn’t it then also true that the surviving twin was
lucky to have the lightning bolt miss her, and so she was less fit than her fortunate track record
suggests? Every organism is either lucky or unlucky, I guess. If we set aside the life histories of
organisms that were due to luck, good or bad, our data set for estimating fitnesses, I fear, will
plunge to zero. The concepts of “luck” and “accident” don’t provide much help in understanding
fitness and natural selection.
5 Concluding Comments
Scriven thinks it would be bizarre to assign the two twins different fitnesses, and I agree. How-
ever, I think it is equally unmotivated to assign them identical fitnesses. I’m doubting the presup-
position shared by both assignments—that evolutionary biology is in the business of assigning
fitnesses to token organisms. This point is at variance with much of the philosophical literature
on fitness and natural selection, but I think it is something of a commonplace in evolution-
ary biology itself. When evolutionary biologists assign fitnesses to phenotypes or genotypes,
they are talking about the fitnesses of traits that typically are present in multiple individuals.
Though biologists rarely use the philosophical jargon of “type” and “token,” their terminology
of phenotypes and genotypes is apt; they aren’t assigning fitnesses to phenotokens or genotokens.
The idea that the fitnesses of traits are fundamental to the theory of evolution leaves open
what sorts of traits have fitness values and what the objects are that have those traits. As men-
tioned, the traits can be both phenotypic and genetic. Being anAA homozygote is just as much
a property of organisms as running fast is. In this respect, I see a continuity between Darwin’s
theorizing, theorizing in the Modern Synthesis, and recent evolutionary biology as well. Evo-
lutionary theory has always been about traits. This is not to deny, of course, that the list of traits
that evolutionary biologists address has greatly expanded.
Traits cause survival and reproductive success only in virtue of their attaching to objects.
This is a truism about causality: curiosity can kill the cat only because some object (e.g., the cat)
is curious. Darwin talked about whole organisms having traits that affect their ability to sur-
vive and reproduce, and the Modern Synthesis remained faithful to this formula. Fisher (1930)
talked about genes, but he did so in order to talk about the genetic properties of whole organ-
isms. In discussing heterozygote superiority, for example, he was talking about organisms being
heterozygous, and about the average fitness of the organisms that have a given heterozygote
genotype. Indeed, whole organisms figure indispensably in his conception of gene frequencies
in populations; the frequency of a gene is computed by finding either zero, one, or two copies
of the gene at a given locus in each organism in the population (when the organisms are diploid).
Fat organisms count no more than thin ones, even though the former have more cells, and
therefore more gene tokens.26
With respect to groups, there is an important difference between Darwin and Fisher. Dar-
win (1859, 1871) made room for group selection in his theory (Sober 2011), and so he talked
about groups differing in their fitnesses. R. A. Fisher (1930), on the other hand, had little to say
26See Sober (1984) for discussion of this “head-counting paradigm” (29–30) and the related idea that organisms
are often treated as “benchmarks” of selection (356).
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about that possibility, and most of what he said was negative. Fisher didn’t deny that groups ex-
ist; indeed, populations are groups, and selection occurs in them. But he denied that one needs
to think about the fitnesses of groups. For Fisher, there is selection in groups, not selection of
groups.
More recently, the subject of intragenomic conflict has interested evolutionary biologists; it
was unknown to Darwin and to the early architects of the Modern Synthesis as well. Meiotic
drive is a familiar example of intragenomic conflict; in discussing its evolutionary consequences,
one needs to think about genes (or chromosomes) differing in their contributions to the gamete
pool. In simple models of this process, whole organisms have one of the three genotypes ww,
dw, and dd (where w is the wild type and d is a driving gene), but talking about the fitnesses
of organisms is not enough. One also needs to look inside of organisms and describe how their
genes differ in fitness. Organisms that are ww and organisms that are dw may be equally fit (on
average), but the d gene is fitter than the w gene in dw heterozygotes (Sober and Wilson 1998,
89–90). In those heterozygotes, chromosomes with a copy of gene d are on average fitter than
chromosomes with a copy of gene w.
The continuity I have described between Darwin and Fisher is at odds with Denis Walsh’s
(2015) view of the two. After quoting Fisher’s (1930) famous analogy between his fundamental
theorem of natural selection and the second law of thermodynamics, Walsh says that Fisher’s
analogy embodies
population thinking in its most rarified form. It involves ‘ignoring individuals’ in
a comprehensive and radical way. Individual organisms are no part of the ontology
of Fisher’s theory, nor do they figure in its explanatory apparatus. (56)27
On the next page, Walsh adds that
it is extremely important to recognize the degree to which Fisher’s statistical ap-
proach to population change is a departure from Darwin’s causal account of pop-
ulation change. In a certain sense, they aren’t even about the same kind of thing.
Darwin’s theory plots the change in frequency of lineages of organisms in a popula-
tion, as a function of their success in the struggle for life. Fisher’s theory plots the
change in intrinsic growth rate of an indefinitely large population of abstract “gene
ratios” as a function of its statistical distribution of growth rates. They don’t appear
to have a whole lot in common. (57)
Here Walsh embraces one of the four theses that Walsh, Ariew, and Matthen (2017) defend
under the heading of statisticalism, namely the claim that Fisher’s models of natural selection
(and others in the Modern Synthesis) aren’t causal, whereas Darwin’s theory is.
What is true, I think, is that Darwin talked about the phenotypes of organisms, whereas
Fisher talked about their genotypes. This is a profound shift. Fisher helped invent population
genetics; Darwin, of course, did no such thing. However, both embraced population thinking
by creating theoretical frameworks in which fitness differences among traits explain changes in
the frequencies of traits in populations, and both did so by thinking about the consequences that
traits have for the survival and reproduction of organisms.28 The question of whether Darwin’s
theory and Fisher’s are both causal 29 is separable from the question of whether each is about
traits and separable also from the question of whether each includes whole organisms in its
ontology.
27Here, Walsh is using Mayr’s (1959) influential idea of “population thinking”; for discussion, see Sober (1980).
28Darwin introduced the word “fitness” into the Origin of Species only in its fifth edition, but that doesn’t mean
that he wasn’t talking about fitness all along.
29For discussion of the causal question, see Shapiro and Sober (2007).
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